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NATIONAT, ADVISCRY COMMITTEE FOR AERONAUTICS

TECGHNICAL IOTE NO., 1358

PROPELLER-LOUDNESS CHARTS FOR LIGHT ATRPLANES

By Harvey H. Hubbard and Arthur A. Regler
. SIMMARY

( Celculations of the robtational-noise-and vertex-nolse loudness
levels at distances of 300 and 1000 feet have been made for a large
number of propellers in Torward flight of 50 to 200 miles per hour
and for englne ratings of 10C to 300 horsepower. Propellers of two,
four, six, and eight blades, diameters of 6, 8, and 10 feet, and
rotational speasds of 1000 to 3000 rpm are consddered. Calculated
resulte are presented -in chert form for convenience of designers of
propellers for applications in which loudness is an important
conglderation.

INTRODUCTION

The theory for calculeting robational sound pressures of a
propeller operating at zero forward spesd was developed by Gutin
in reference 1. A simplification of the Gutin formula is given in
refersnce 2 from which the sound-pressure lsvel of a propsller may
be easily calculated. This formule shows that the rotational-sound-
pressure level of & propeller can be made as low as desired by reducing
the tip speed and increasing the number of bladss.

Recent tests of the sound emission from two-blade, four-blade,
end seven-blade propellers (reference 3) show that the theory for
rotational nolse is In close agrsement with experiment for a tip
Mach number range between 0.5 and 0.9 but that for lower tip Mach
numbers the measured over-all sound-pressure levels were much groater
than the calculated rotatlonal-sound-pressure levels. This discrepancy
is dve to the vortex noise of the propeller. Up to the present tims,
the sound output of practical propellers has beon almost entirely due
to rotational noise and, consequently, voriex noise has not been
important. Because of public demand for a largs reduction of airplane
nolase, it now becomes importsnt to indicate the vortex-nolse level
of & propeller. In the present paper a tentative level of the vortex
noise is glven for all propellers considered. This estimate is
baged on the work of references 4 and 5. '
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The loudness level rathor than the sound-pressure lovel 1s a
better criterion for comparing the noise from propellers. The
method of Fletcher and Munson (reference 6) is used for calculating
the lowdness level. The calculation of the loudness of propellers
is cumbersome. ¢In the present paper the loudness levels of a large
numbexr of propellers in the light-airplene renpe have beon calculated
and presented in chert form. The rotationel loudness level and the
vortex-loudness level as well as the resultant loudness level may
be obtalned directly from ‘the charte.

The effidiencies for thle same class of propsllers arse glven in
reference 7. Since a large hilutber of combinations of propeller
rotational speeds, diameter, and number of blades satisly a given
lowdness level, the deslgner may choose the combination which will

give him a maximun of efficlency and a minimum of loudness consistent
with reguirements. - : :

SYMBOLS AND DEFINITIONS

My  tip Mach number (rotation only)

b propeller diarwter, feet ' —
8 angle of observer from exis of rotation (0° in front)
N propeller rotational smeed, rypm-

Py engine ratlng, horsepower

v airplens forward speed, miles per hour

n number of blades

8 distance from source of sound, feet

L, loudness level, decibels

7 . propeller sfficilency

N4 ideal propeller efficiency =

T total .bhrust, pounds '

&y, total blade erea, sguare feet

p alr density, slugs per cubic foot
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C;, propeller lift cosefficient

W section velocity at 0.7 radius, feet per second
The terms'hoilse, sound, and sound pressured' are used synonymously

Sound-pressure level or sound-intensity level is ‘the dedibel
value of .sound. The pressure of 0.0002 dyne per square centimeter
1s O decibels. . -

Louwdness level of a sound talkes into account the sensitivity
of the ear to frequency and is equal to the intensity level of the
squally loud 1000-cycle reference tone. (See roference 6.)

Rotational nolse is the propeller noise due to the steady
asorodynamic forces on the blads. In Gutin's theory the noise is
divided into the torque and thrust components and the Trequsncies”
are mulitiples of rotational speed. '

Vortex noise. is the propeller noise dus to the oscillatory forces
on the blads aassoclated w%ﬁh the vortices in the tale of en airfoil’
or the vortices of a Kermén vortex strest. For propellers, the vartex
noise is. usually of mich higher frequency than the rotational noise
end is distribubed over a wide band of frequencles. ;

FECEC

Lo -~ ANALYSIS AND ASSUMPTIONS

All eguations used in sound calculations for this paper have
been published previously. Calculations are for standard sea-level
conditions. ‘
Rotational noise.- The rotational noise of the propeller is ths
noige due to the steady aserodynamic forces on the blade. The-sound’ ..
from this source has been determined theoretically for a propellsr

operating at static conditions by Gutin in reference 1. This “
theory ie the basis for the calculation of reference Z and 3. .In c*””“fge
the present paper in which the sound is calculated for aid airplane Todd
propeller in Forward Tlight, the sound is assumsd to.be the same iLﬂ?“
as of a propellsr opsrating at equal thrust, borque, and rotational
gpeed in the static condition. This assuuption i reasonable for '& .
airplanss flying at low Mach numbers. Msasurements of the sound 4fqu*
 from an alyplanse at zero vdflocity and in flight for comperable’ " 5¢wx*°
conditions showed that the noise in flight was 6 decibels lower.’ See %Mj;w
reference 8. This difference 1s 1n the ordsr of the expected noise d
reduction due to reduced thrust for the flight condition. i
ﬂé UJ:Mighm
4*5‘ uJ
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The thrust of the propellier 1s calculated from the power and
forward veloclity assuming the propelisr to be operating at 90 percent
of its idsal efficiency. (See eappendix.)

Loudness levels are computed by the method of reference 3
by using the first four harmonics of the rotational sound pressure.
These calculetions are made for a direction of 105° from the axis
of rotation of the propeller (0° in front)., The calculated loudness
is approximately e meximum for this angle. The effectlve radius of
the propeller is assumed to be 0.8 of the tothl radius and céalowlated
sound-presaure valuvss were doubled for ground reflection. For
loudness calculations at a distance, all sound pressures are asgsumed
to vary inversely as the distance. This assumption is justified in
reference 8 for the dlstance considered in this paper.

Vortex noise.~- The vortex noise is due to the shedding of
vortlices from the propeller blade. The vortex-noise polar distridbution
and formulas are given for cylindrical circular rods in reference k.
Formulas and measured vortex-nolse levels for rods having airfoil
sectlions as well as circular cross sections are given in reference 5.
The vortex-noise loudness levels shown in the charta and calculated
with the help of the information in references 4 and 5 should
be considered tentative and are probably accurate to ¥10 decibels.
Btatic tests as well as flight tests of propellers having very low
rotational nolse levels on alrplanes having low engine noise levels
wlll be necesmary to determine the seriousnsss of the vortex-noise
Problem. Public reaction to vortex noise is an important factor in
this problem.

~ The following assumptions were made in order ‘to obtain tentative
answers:

(1) The vortex-noise energy is assumed to vary as the sixth
power of the tip speed end the firet power of the blade area of the
propellier. (See reference 5.) The constant of proporticonality
vas eveluated from measurements..on & helicopter blede. The blade
area 1s estimated from seroydnamic consiqeraﬁions. (See appendix.)

(2) Vortex-noise poler distribution is assumed to be the sams as
obteined for rods. (See reference k.)

Loudness. - Loudness calculations by the Fleicher-Munson method
were computed separately for the corresponding rotetiocnal-nolse
levels and the vortex-noise levels. In mosb cases the rotationasl-noise
frequency band and the vortex-noilse frequency band are so far
removed from each other that the lower frequencies have very little
if any masking effect on the vortex frequencies. The total loudnssas
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levels arse computed on this assumption. The vortex-noise frequencies are

agsumed to be in that range where the Intensity levels in decilbels
are equal to the loudness levels in decibala.

DISCUSSION

CThe polar distribution of rotational-noise components for the
first harmonic of a two-blade propeller are shown in figure 1o
Reletive magnitudes of the "torgque™ noise and "thrust" noise ere
illustrated for a condition of forward flight. Because of the lesser
contribution of the thrust noise, the shape of this polar distribution
is markedly different from that for a statlic case given in figure 1
of reference 2. Since the thrust noise in front of the plans of
rotatlon is out of phase with the. torque noise, conditions of low
forward speed would tend to produce two extra lobes in the total-
sound-pressure pattern An eatimation of the wvortex-noise magnitude
(maximm on the axis of rotation) and distridbution is also included
to illustrate its relative importance at these operating conditions.

Figures 2 to 49 (see ‘table 1 for index) sre design charts
showing the effects of different parameters on loudness levels of
propellers having variocus numbers of blades. (Loudness decroases
markedly with a decrease in tlp speed for all b lads configurations
untll the speed is reached at whilch vortex noiss becauss d.ominang)
For each chart the proveller dlameter, airplane forward speed, engine
horgepower, and distance from the source are constants. The ranges
of thege variables for which calculations were made are as follows:

Engine rating, Py, horsepower . . . . . . « ¢« . + . . . 100 to 300
EIngine rotational speed, N, zrpm . . ¢+« « <« « o« 1000 to 3000
Alrplane forward speed, V, mniles per hour c e« o s s s « 50 to 200
Propeller dismeter, D, POBE « + v e e e e e .. B 8, and 10
Number of propeller blades, T .+ « « « « « « « & 2, & 6, and 8
Distance from propeller, &, feet . . ."w . . . . . . . 300 to 1000

The design charits of figures 2 to 49 enable a dssigner to select the
optimum configuration for a given application in which the engine
rotational speed 1s fixed or will indicate the gearing necessary to
engble & given configuration to opsrate at & glven loudness level.

From figures 50 to 55, which have bsen cross-plotted from
figures 2 to 49, the following general conclusions may be drawn:

(l)(:Loudness levels generally decrease for a larger number of
blades except et the rotational spesds where vortex noise tends to
dominate rotational noise. (See fig. 50.)

/
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(2) A reduction in power may ceuse an appreclable reduction
in loudness dspending on the rotational spesd. (3ee fig. 5i.)

(3) At constent rotational speed, s decrease in diameter causes
a decrease in loudness. (See fig. 52.)

() At a constant tip Mach number a decrease in propeller dlameter
causes an increase in loudness. (See fig. 53.)

(5)Loudness ig reduced slightly by increased forkard speed of
the airplane and the difference)that exists weems to be nearly constant
for the different rotetional speeds consldered. (See fig. 54.)

(6) Toudness levels in zpneral tend to decrease with an increase
in distance and this reduction is about equal for all number of blades
at N = 2500 rpm. At lower rotationasl speed (N = 1500 rpm) where
vortex nolse is a large part of the total nolse) a much smaller
amount of loudness reduction goecurs for the multiblads configurations.

(See fig. 55.)

langley Memorial Aeronauticael Iaboratory
National Advisory Commlttee for Aeronautics
Iengley Field, Va. May 21 1947 -
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APPENDIX

Although this paper is not primerily ae‘rodynamio , Several
agsumptions have been made in order to do the necesgsary sound

calculations.. Even though only approximste, the accuracy is never-
theless satisfactory for sound work. o

For each combination of horsepower, forward speed; and
propellsr diameter, the corresponding thrust value was calculated
using the following relation from reference 9, page 20k:

Py = TV

where

n = 0.90n4

Values of 14 for correspoziding power coefficients may be obtained
from figure 56. )

From the expression for differential thrust glven in reference 9
{p. 213) the following equation, which assumes that the 1lift is
approximately equal to the thrust, may be derived:

m
il 72
Ay © SCLW

If O =0.4 and VW is the section velocity at 0.7 radius,
Figure 57 gives the approximate blade areas necessary to produce =&
given thrust at verious tip speeds.
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TABIE I

INDEX TO FIGURES 2 TO k9

v Py Figure

(mph)| (b0) "D = 6 £¢] D = 8 2% | D = 10 £4

50 | 100 2 18 3k
150 3 19 35
225 by 20 36
300 5 21 37

100 | 100 6 22 38
150 T z3 39
o925 3 ok ko
300 9 @5 4

150 | 100 10 26 4o
150 11 ) 27 43
205 12 28 Li
300 13 29 45

200 | 100 1k 30 46
150 15 31 b7
225 16 32 48
300 17 33 L9

NATTIONAL ADVISCRY
COMMITTEE FOR AERONAUTICS
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-

_— Caloculated sound pressures due to torque and thrust

— Calculated sound pressures due to torque
— — ——-———— Caloulated sound pressures due to thrust (Thrust
lohbes ahead of plane of rotation are 1809 out of
phase with torque lobes)
Estizated sound pressures due to vortex noise

L 4 NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 1.~ Caloulated sound pressures of first harmonic from two-blad;
propeller in simulated forward flight, &8 = 30 feet; D = 6 feet;

Ky = 0.57; Py = 150 horsepower; = 332 pounds; V = 150 miles
per hour.
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D= 10 feet; V= 50 miles per hour; Py = 225 horsepower.
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Figure 37.- Loudness as a funotion of propeller rotational speed for various numbers of blades.
D = 10 feet; V = 50 mlles per hour; Py = 300 horsepower.
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Pigure 39.,- Loudness ae a funotlon of propeller rotatlonal speed for various numbers of bledes.
D = 10 feet; V = 100 miles per hour; Py = 150 horsepower.
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Figure 40.~ Loudness gg a function of ropeller rotational speed for various numbers of blades.
D = 10 feet; V = 100 miles per hour; Pg = 225 horsepower.
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Figure Il.- Loudness as a function of propeller rotationsl speed for various numbers of blades.
D = 10 feet; V = 100 miles per hour; Py = 300 horsepower.
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Figure U5.- Loudness as a funotion of propeller rotational speed for various numbers of blades.

D = 10 feet; = 150 miles per hour; Py = 300 horsepower.
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Figure 47.,- Loudness as & function of propeller rotational speed for various pumbers of blades.
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Figure 48,- Loudness e & fuaction of propeller rotational speed for various pumbers of blades.
D = 10 feet; V = 200 miles per hour; FPg = 225 horsepower.
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Figure 49.- Loudness as a function of propeller rotational speed for various numbers of blades.
D = 10 feet; V = 200 mlles per hour; Py = 300 horsepower.
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